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In the figment cell the synthesis of tyrosinase and the forma-
tion 0 premelanosomes are independent, yet coordinated, 
processes. However, the interrelationship between the two 
processes has not been elucidated previously. In this study, an 
expression plasmid for human tyrosinase eDNA was con-
structed and trans fee ted into a human amelanotic melanoma 
cell line, G-361. Stable transfected cells (G-CMHT-3) were 
obtained with high tyrosinase activity and distinct melaniza-
tion occurred. As for the type of melanin, both pheo- and 
eumelanin contents increased in G-CMHT -3 cells. Interest-
ingly, catalase activity as one of the other melanogenic en-
zymes was decreased in G-CMHT -3 cells. The decrease of 
catalase activity was considered to playa role in melanin-po-
lymer formation, resulting in the increase of both pheo- and 
eumelanin contents. Under electron microscopic observa-
tion, dopa-oxidase - positive Golgi-associated endoplasmic 
reticulum of lysosome, coated vesicles, and premelanosomes 
I n pigmented melanoma cells and melanocytes, it is proposed that l?igmentation is achieved through the following steps [1- 3 J: tyrosinase synthesis occurs in membrane-bound poly-. ribosomes of the rough endoplasmic reticulum. Glycosyla-tion of the enzyme is initiated in the endoplasmic reticulum 
shortly after synthesis of tyrosinase, and further glycosylation and 
processing is carried out within Golgi-associated endoplasmic retic-
ulum oflysosome (GERL). Glycosylated T 3 tyrosinase is then trans-
ported from GERL into premelanosomes by budded-off coated ves-
icles. The premelanosomes (PM) maturate from PM1 (stage I) to 
fully melanized melanosomes (stage IV), and accumulate melanin 
polymer. In addition, melanosomes are further classified into two 
types, pheomelanosomes and eumelanosomes [4]. Pheomelano-
somes have a spheroid shape with granular or concentric lamellar 
structure, and primarily accumulate pheomelanin, which is easily 
soluble in alkaline. Eumelanosomes have an ellipsoid shape with 
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were observed in pigmented G-CMHT -3 cells, and the ex-
pressed tyrosinase was considered to be well translocated to 
these organelles. In addition, the number of premelanosomes 
(stages I-Ill) as well as melanosomes (stage IV) increased in 
G-CMHT -3 cells compared to those in G-361 cells. It is also 
noted that G-CMHT -3 cells showed more normal pheno-
type premelanosomes with occasional transitional premelan-
osomes exhibiting partial melanin polymer formation within 
their concentric whorl-like internal membranes. Further-
more, the number of eumelanosomes in G-CMHT -3 cells 
was much larger t~an tl~at in G-361 c~lls. These results sug-
gest that the tyrosmase mtroduced by its eDNA transfection 
induced active and structurally non-aberrant premelanosome 
formation resulting in the upregulated pheo- and eumelano-
genesis. Key words: expression/melanosome/premelano_ 
some / eumelanosome / pheomelanosome / catalase / peroxi-
dase/melanin. ] Invest Dermatol1 01 :864-870, 1993 
filamentous structure, and primarily accumulate eumelanin, which 
is nearly insoluble in alkaline. 
To date, some investigators report that pigmentation of cultured 
unpigmented cells can be induced by the introduction of tyrosinase 
eDNA. When a tyrosinase eDNA (human or mouse) expression 
plasmid was transfected into fibroblast cell lines (mouse L929 cells 
or mouse 3T3 cells), the cells were J>igmented, and pigmented cyto-
plasmic organelles were observed [5,6]. In the case of albino mela-
nocytes (from albino chicken or albino BALB/c mouse), the intro-
duction of tyrosinase eDNA-induced pigmentation of the cells and 
a large number of pigment granules were observed in the cytoplasm 
[7,8] . Details of the melanin-accumulating organelle and the types 
of melanin produced, however, have not been analyzed. Therefore, 
to elucidate these details, we constructed a human tyrosinase eDNA 
expression plasmid and introduced it into a human G-361 amelano-
tic melanoma cell line. We report here the results of electron mi-
croscopic and biochemical analyses of the mixed melanogenesis of 
human tyrosinase cDNA-transfected G-361 cells. 
MATERIALS AND METHODS 
Cell Culture and Cell Lines Human G-361 amelanotic melanoma cells 
established from a Caucasian male were obtained from American Type 
Culture Collection (Rockville, MD). G-361 cells were cultured in RPMI-
1640 medium (Nissui Pharmaceutical Co., Ltd. , Tokyo, Japan) supple-
mented with 10% fetal calf serum (Gibco BRL, NY), 2 mM glutamine, 
24 mM sodium bicarbonate, 100 U /ml penicillin, and 0.1 mg/ml strepto-
mycin at 37°C in a 5% CO2 atmosphere. 
Human Ihara melanotic melanoma cells were established from a mela-
notic melanoma developed in the giant nevus cell nevus at Kobe University 
(Japan). The Ihara cells were cultured in Eagle's minimal essential medium 
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Figure 1. Construct of tyrosinase cDNA expression plasmid 
BCMGSNHT2-4. I-hllnan tyrosinase cDNA was inserted between the Xhol 
and NOlI sites downstream from the human cytomegalovirus promoter 
ICMVp)- The expression plasmid has a neomycin/geneticin-resistant 
marker (Nco'). ampicillin-resistant marker (Amp'). and repllcatlon ongm 
(o ri) and polyadenylation signals [poly(A)J. 
(Nissui Pharmaceutical Co. Ltd.) supplemented with 10% fetal calf serum 
(Gibco BRL). 2 mM glutallllne . 4.7 n1M 4-(2-hydroxyethyl)-I-plperazll1e 
ethanesulfonic acid (pH 7.2). and 24 mM sodium bicarbonate at 37'C m a 
5% CO 2 atmosphere. 
Construction of Tyrosinase cDNA Expression Plasmid A human 
tyrosinase cON A-containing plasmid pRHOHT2 [9) was kindly provided 
; ... Dr. Shibahara (Tohoku University. Japan). An expression vector 
B'CMGSNeo [10J , which allows expression of cDNA under the control of a 
il uman cytomegalovims promoter, was kindly provided by Dr. Karasuyama 
University of Tokyo. Japan). The human tyrosinase cDNA express ion 
?lasmid vvas constmcted as follows . Briefly, a human tyrosinase cDNA 
fragment was obtained by double digestion of pRHOHT2 with Sail and 
XbaI. The fragment was ligated to the Sall-Xbal site of pB luescnpt (Strata-
zcne, La Jolla. CAl to add the restriction sites, and then the construct was 
dIgested vvith Xhol and Not!. The obtained tyrosinase cDNA fragment was 
:ubcloned into the Xhol-Notl site of BCMGSNeo, and the constmct was 
~esignated BCMGSNHT2-4. 
Transfection Experiments BCMGSNHT2-4 or BCMGSNeo was di-
zcsted vvith BalllHI to linearize . The Balli HI-linear ized BCMGSNHT2-4 
;r BCMGSNeo (20 Jig each) was transfected into G-361 cells (106 cells c~ch 
· .. :ere suspended in phosphate-buffered saline [PBS) [-J) by clectroporatlon 
'1 1 J using a Gene Pulser (Bio-Rad Laboratories , CAl under the condItIOns of 
500 V. 25 JlF, for 0.4 seconds. After cultivation for 72 h, the transfected 
:ells were selected in the presence of 500 Jlg/ml of Geneticin (Gibco BRL) 
fo r 2 weeks. 
Electron Microscopy The parental G-361 cells ~nd transfected G-361 
:ells were washed with 0.1 M sodium cacodylate buffer (pH 7.2), fixed With 
2% glutaraldehyde in the same buffer (pH 7.2) for 1 h at 4°C. and then 
',':a,hed vvith 0.1 M sodium cacodylate buffer (pH 7.2) agall1. The fixed cells 
.... cre incubated in 0.1 M sodium cacodylate bl&er (pH 7.2) with or without 
). 1% L-3.4-dihydroxyphenylalanine (dopa) for 3 h at 37'C and postfixcd 
';;i th 1 0/0 osmium tetroxide for 1 h at 4°C. These dopa-treated or non-
::eatcd cells wcre staincd with 2% uranyl acetate in 50% ethanol. and dchy-
:rated vvith ethanol and embedded in Epoxy rcsin. Thin sections were 
,:cpared with an ultramicrotomc (Rcichert-Jung. Austria) and were 
:0unterstainecl with lead citrate [12). In the case of alkalll1e treatment, senal 
onions of dopa-non-treated cclls in Epoxy resin were prepared and placed 
.;parately onto twO copper grids coated WIth collodIOn. One gnd was 
':~a ted vvith 0.1 N potassium hydroxide for 1 h. Then the senal sectIOns 
:.Ith or vvithollt 0 .5 N NaOH treatment [13] were stained with lead citrate. 
-:-hese sections were examined with a 1200 EX electron1llicroscope (JEOL 
~td . , Tokyo, Japan). The criteria for categorizing a cumclanosomc was 
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ellipsoid shape with filamentous internal stmcrure. or whose density was not 
lost after the alkaline treatment described above. And the criteria for cate-
gorizing a pheomelanosome was spheroid shape with granular or concentric 
lamellar internal structure. or whose density was completely lost or became 
weaker after alkaline treatment [13). indicating full or substantial pheome-
lanin synthesis. 
Electron Microscopy Scoring Electron micrographs of the cells (50-
100 cells in each group) were analyzed morphometrically at a magnification 
of Xl 0,000. Thc cytoplasmic and nuclear areas were measured with a plani-
meter. The numbers of premelanosomes (stages I-III) and melanosomes 
(stage IV) were counted in each cell. and the population density per section 
of a cell or per unit of area (,um2) of cytoplasm was determined. Statistical 
analysis was performed using the t-test with Welch's correction. 
Assay for Tyrosinase Activity The assay for dopa oxidase activity of 
tyrosinase was carried out according to the modified method of Hamada and 
Mishima [14) using a spectrophotometer (UV-250. Shimadzu. Kyoto. 
Japan). The initial rate of linear increase of absorbance at 475 run. based on 
the formation of dopachrome from dopa. was measured at 37° C. One unit of 
dopa oxidase was defined as the amount of enzyme catalyzing the oxidation 
of 1 ,umol L-dopa to dopachrome in 1 min at 37 ° C. The assay for tyrosine 
hydroxylase activity of tyrq. •. inase was carr ' ed out accord ' ng to the method of 
Pomerantz [15). Cell lysate was incubated in 1 ml of a reaction mixture 
consisting of 0.1 n1M tyrosine. 21lCi / mi of L-[3.5-3HJtyrosinc (TRK 200, 
Amersham, UK). and 0.1 mM dopa in 0.1 M sodium phosphate buffer (pH 
6.8) for 1 hat 3rc. To terminate the reaction, 1 Illl of charcoal (10% w/v 
in 0.1 N HCI) was addcd to cach assay tube. and the sample was centrifuged 
at 2000 X g for 10 min. Following adsorption of L-[3,5-3 HJtyrosine by 
charcoal, 1 ml of liquid phase was passed over a Dowex 50W column (Bio-
Rad Laboratories) equilibrated w ith 0.1 N HCI. This step removed residual 
L-[3,5-3HJtyrosine. The eluent from the Dowex column was counted in a 
scintillation counter (LSC-700, Aloka, Tokyo. Japan). 
Quantitative Analysis of Catalase The catalase activity was measurcd 
based on degradation of hydrogen peroxide [16). Cell lysate was incubated in 
3 ml of reaction mixture consisting of 10 mM hydrogen peroxide and 
50 mM sodium phosphatc buffer (pH 6.8) for 30 seconds at 25°C. The 
in itial rate of decrease of absorbance at 240 nm (- Mbs240) was detected 
using a spectrophotometer (UV-2S0, Shimadzu, Kyoto, Japan). 
Quantitative Analysis of Peroxidase The peroxidase activity was mea-
sured based on formation of purpurogallin from pyrogallol. Cell lysate was 
incubated in 3 ml of reaction mixture consisting of 0.5% (w/v) pyrogallol. 
10 mM hydrogcn pcroxide, and 10 mM potassium phosphate buffi-t (pH 
6.0) for 10 min at 25 ° C. And the maximum rate of linear increase of absorb-
ance at 420 nm (6Abs420) per min was measured using a spectrophotometer 
(UV -250, Shimadzu). 
Quantitative Analysis of Melanin Content Thc quantity of both eu-
melanin and pheomelanin was analyzed according to Ito's method [17J. 
Briefly, the cumelanin content was determined as follows: cells were solubi-
lized by 0.1 % Triton X- I00 and then centrifuged at 30,000 X g for 20 min. 
The pellet was then oxidizcd with 3% potassium permanganate for 10 min. 
The degradation product of eumelanin, pyrrole-2,3,5-tricarboxylic acid 
(PTCA), was analyzed by HPLC (equipped with a UV detector set at 
1 2 3 4 
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Figure 2. Pigmcntation of Illara cells, G-361 cells, G-CMNeo cells, and 
G-CMHT-3 cells. Human !lura melanotic mclanoma cells (Illbe 1), human 
G-361 amclanotic melanoma cells (111[,1' 2), G-CMNco cells (III[,/, 3), and 
G-CMHT-3 cells (I11/Je -I) werc harvested and packed into a capillary. 
Figure 3. Electron micrographs 
of G-361 cells (A,C,E) and 
G-CMHT-3 cells (B,D,F). A - D) 
No dopa-oxidase histochemistry 
was performed; E,F) before treat-
ment with osmium tetroxide, the 
aldehyde-fixed cells were stained 
histochemically for dopa-oxidase 
activity. CV, coated vesicle; 
GERL, Golgi-associated endoplas-
mic reticulum of lysosome; M, 
melanosome; N, nucleus; PM, 
premelanosome; tPM, transi-
tional premelanosome. Asterisk, 
dopa-oxidase - positive organelles. 
Whereas G-361 cells showed only 
.a little melanin polymer formation 
(A, C) and rather abnormal concen-
tric interior of premelanosome 
with almost no tyrosinase activity 
(PM in E), tyrosinase cDNA-trans-
fected G-CMHT-3 cells acquired 
more normal and occasional transi-
tional phenotype premelanosome 
(tPM in D) with various amount of 
melanin polymer deposition. Bar, 
IJ.lm. 
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254 nrn) using an ODS column with 6% methanol in 0 .1 M potassium 
phosphate buffer (pH 2.4). 
For pheomelanin. the cells were hydrolyzed with 57% hydriodic acid at 
130 0 C for 16 h. The degradation product of pheomebnin. aminohydroxy-
phenylalanine (AHP). was analyzed by HPLC (equipped with an clectro-
chemical detector) with an ODS column using 0.1 M sodium phosphate 
buffer (PH 4.0) containing 3% methanol. 1 mM octanesulfonate, and 
OJ mM N a 2 ethylenediamine tetraacetic acid (EDTA). 
RESULTS 
Pigment:ation of Transfected G-361 Cells The construct of 
BCMGSNHT2-4, a human tyrosinase eDNA expression plasmid, 
is shown in Fig 1. BCMGSNHT2-4 was transfected into G-361 
cells and stable transfectants were obtained; one of them was desig-
nated G-CMHT -3. Control cells transfected with BCMGSNeo 
were designated G-CMNeo. G-CMHT-3 cells became pigmeI'lted, 
whereas G-CMNeo remained unpigmented. In addition, in com-
paring the degree of pigmentation, G-CMHT-3 cells became more 
pigmented than did a human melanotIC melanoma cell hue, Ihara 
(Fig 2). 
Electron Microscopic Findings To investigate the details of 
melanogenic subcompartments and melanosomes in the pigmented 
G-CMHT -3 cells and the unpigmented G-361 cells, electron mi-
croscopic observation was performed. In electron micrographs 
without dopa reaction, a larger number of melanosomes (stage IV), 
which had the highest density, was observed in the G-CMHT-3 
cells than in the parental G-361 cell s. In addition, the number 
of premelanosomes as well as melanosomes increased in the 
G-CMHT -3 cells compared to the G-361 cells (Fig 3A,C versus 
B,D). Electron micrographs of the G-361 cells and the G-CMHT-3 
cells with dopa reaction are shown in Fig 3E,F. In the G-CMHT-3 
cells, GERL, coated vesicles, and premelanosomes acquired intense 
dopa oxidase activity, whereas no dopa oxidase-positive organelle 
was observed in the G-361 cell s. These resu lts suggest that trans-
feeted tyrosinase eDNA was expressed and that the tyrosinase was 
translocated to GERL, coated vesicles, and premelanosomes. In ad-
dition, the meJanosomes of G-361 cells showed moderately abnor-
tnal structure with the concentric whorls of internal membranes 
(Fig 3C,E), but the melanosomes of G-CMHT -3 cells showed.a 
more normal phenotype structure and also, interestingly, transi-
tional premelanosomes that exhibited partial melanin polymer for-
tnarion VITi thin the concentric interior of premelanosomes (Fig 3D). 
We conducted quantitative electrol1l11icroscopic seorings of the 
!lumbers of premelanosomes (stages I - III) and melanosomes (stage 
IV) on 90 G-361 cells and on 70 G-CMHT-3 cells; the results are 
shown in Fig 4. The increments of the numbers of l11elanosomes 
and premelanosomes in the G-CMHT-3 cells were statistically sig-
nificant at the p < 0.01 level of probability (Fig 4A). In addition, 
the cytoplasmic area of these cells was measured. The cytoplasmic 
area of the G -CMHT -3 cells was 1.6 times that of the G-361 cells, 
which is statistically significant at the p < 0.01 level (Fig 4B). 
When the numbers of melanosol11es and premelanosomes were 
compared on the basis of cytoplasmic area, the increments of these 
S'ores in the G-CMHT-3 cells were significant at the p < 0.01 level 
(Fig 4C). The ratio of melanosomes/premelanosomes + melano-
19mes in the G-CMHT-3 cel ls was twofold higher than in the 
G-361 cells, as shown in Fig 4D. 
Upon alkaline treatment [4,13J, most melanosomes in the G-361 
cells lost their electron density. A representative result is shown in 
Fig 5 (A versus B, 1-4: pheol1lelat/Osomes). On the other hand, several 
types of rnelanosomes were observed in G-CMHT-3 cells, that is, 
Jlleianosornes whose density was completely lost (Fig 5C versus D, 
1-2: pheome/o/losomes) and those whose dellsity became weaker (Fig 
5C versus D, [-III: pflfomelallosomes) and those whose density was 
not lost (Fig SC versus D, a-(: ellmeiatlOSomes) were observed. The 
ratio of eumelanosomes: pheomelanosol11.es in G-CMHT -3 cells 
'/las 6: 1 and larger than the 1 : 2 ratio in the G-361 cells. Thus, the 
number of e umelanosomes in the G-CMHT-3 cells was larger than 
!hat in the G-361 cell s. 
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Figure 4. Numbers of prcmelanosomes and mclanosomes, and cytoplasmic 
area III G-361 cells compared with those in G-CMHT-3 cells. Open bars, 
G-361 cells; solid bars, G-CMHT -3 cells. The numbers of premelanosomes 
(stages r - III: PM) and melanosomes (stage IV: MS) per section of a cell (A), 
meianosomcs per cytoplasmic area (e), and the area of cytoplasm (um2: B) 
wcr~ analyzed morphometrically using electron micrographs at the magni-
fication of XIO,OOO for G-361 cells (n = 90) and G-CMHT-3 cel ls (n = 
70). The ratio of melanosomcs/prcmelallosomes + meianosomcs (D) in 
G-361 cells (mean ± SEM) and in G-CMHT-3 cclls (mcan ± SEM) were 
calculated upon electron microscopy scoring. 
These results obtained by electron microscopic observation are 
summarized in Table L 
Ty.rosinase Activity, Other Melanogenic Enzymes, and Mel-
anln Contents From the results of electron microscopy, it was 
suggested that transfected tyrosinase eDNA was expressed in 
G-CMHT -3, resulting in an il1crease in the number of melano-
somes and in the com.position ratio of eUI11e1anosDmes. To confirm 
these biochemically, we determined tyrosinase activity, and the 
pheo- and eumelanin contents in the G-361 and G-CMHT-3 cells. 
Activities of catalase and peroxidase were analyzed also. The results 
were compared with those in human Ihara melanotic melanoma 
cells and are summarized in Table II. The tyrosinase activity was 
low and only pheomelanin was detected in the G-361 cells. In the 
G-CMHT -3 cells, dopa oxidase activity and tyrosine hydroxylase 
activity of tyrosinase were approximately 160 times and 300 times 
higher than in G-361 cells, respectively. Eumelanin, which was not 
detected in G-361 cells, was detected in the G-CMHT -3 cells and 
the content was 1.5 times higher than that in the Ihara cells. 
Furthermore, the pheomelanin content also increased in the 
G-CMHT-3 cells, and that level was 24 times higher than in the 
Figure 5. Electron micrographs of alkal ine-treated or non-treated G-361 and G-CMHT -3 cells. The serial sections of the parental G-361 cells (A,B) and 
G-CMHT-3 cells (C,D) before (A,C) and after (B,D) treatment with 0.5 N NaOH were observed. The melanosomes whose density was completely lostafrer 
alkaline treatment in the G-361 cells (1 - 4 in A versus B) were categorized as pheomelanosome. In G-CMHT -3 cells, the melanosomes whose density was 
completely lost (1,2 in C versus D) and decreascd (I - III in C versus D) were catcgorized as pheomclanosomc. And the melanosomcs whose density was not 
somewhat decreased (a -c in C versus D) were categorized as eumelanosome. Bar, 1 J.lm. 
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Table I. Tyrosinase eDNA Transfection-Induced Changes in 
Sub-Cellular Melanogenic Compartments 
Premelanosome 
structure 
Melanosorne ratio 
(eu- and phco-') 
Dopa oxidase-
positive organellc 
G-361 
Moderately abnormal 
structure with con-
centric whorls of in-
ternal membranes 
Alkaline soluble mela-
nin-containing pheo-
l11elanosome (67%), 
and alkaline-insoluble 
eUl11elanosome (33%) 
None 
G-CMHT-3 
Mostly normal pheno-
type structure and 
transitional premelan-
OSOl11CS 
Alkaline so luble mela-
nin-containing pheo-
melanosome (14%), 
and alkaline-insoluble 
cumelanosol11c (86%) 
CV, GERL, PM 
~ Criteria vvcrc described in Materials aud Methods, and the ratio was cxprcsscd-as ratio 
in the number of cu- to phcomclanosomc. 
G-361 cells and nearly to that in Ihara cells. In addi tion, the tyrosin-
ase mRN A level was more than 20 times higher than that in the 
G-361 cells, but it did not increase in the control G-CMNeo cells 
(data not shown) . The results of the biochemical analyses on tyro-
sinase activity and on the melanin contents coincided well With 
those of the electron microscopic findings. As melanogenic en-
zymes that act in polymerization step of melanin, we analyzed the 
activities of peroxidase and catalase in G-CMHT-3, G-361, and 
Ihara cells. Peroxidase activity in G-CMHT-3 cells was at the same 
level of that in G-361 cells, whereas catalase activity in G-CMHT-3 
cells was significantly lower than that in G-361 cells. The increase 
of melanin contents seemed to correlate partially with the decrease 
of catalase activity. 
We concluded that the pigmentation of the G-CMHT-3 cells 
was due mainly to the increase in the number of melanosomes and 
melanin content, especially eumelanosomes and eumelanin, result-
ing fron~ a high expression of tyrosinase. 
DISCUSSION 
Among the regulatory factors of melanogenesis, tyrosinase plays a 
critical role, as demonstrated by transfecting and expressing tyrosin-
ase cDN A in mammalian cell lines. Tyrosinase activity was detected 
and pigment granules were formed in the cells transfected with 
tyrosinase eDNA, even though the cells were fibroblasts or endo-
thelium [5 - 8]. In addi tion, melanocyte-stimulating hormone 
(MSH) , cyclic adenosine monophosphate (cAMP), dbcAMP, and 
theophylline are well known inducers (accessory signals) of eume-
lanogenesis, and these stimuli are used to study melanogenesis regu-
lation [18,19]' Although various approaches have been used, most 
parts of the regulatory mechanism for organelle formation and mel-
anin formation remain unknown. Therefore, we investigated 
changes in the melanogenesis-relating organelles in cells trans-
fee ted with tyrosinase eD NA. Gene transfection and expression in 
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cells is considered to be a simplified way to evaluate the function of 
the gene by investigating what would change in the cells. To obtain 
a continuous and high level of expression of tyrosinase, we con-
structed a tyrosinase eDNA expression plasmid using BCMGSNeo. 
The construct was transfected into a human amelanotic melanoma 
cel l l.ine, G-361. We previously reported that the expression of 
tyros1l1ase mRNA was half the level and tyrosinase activity was 
1/20 the amount in G-361 cells as compared to human Ihara 
melanotic melanoma cells [20]. The obtained transfected clone 
(G-CMHT-3) was pigmented and the number of premelanosomes 
as well as melanosomes was statistically greater than those in the 
paren~al G-361 cells. In addition, tyrosinase mRNA and tyrosinase 
(tyros1l1e hydroxylase and dopa oxidase) activity in G-CMHT-3 
cells were 20 times and 160 - 300 times higher than those in the 
parental G-361 cells, respectively. The increased tyrosinase activity 
seemed to accelerate the polymerization of melanin in premelano-
somes, resulting in the increased number of melanosomes. As for the 
qualitative changes of melanosomes following transfection with 
tyrosinase eDNA, the melanosomes acquired a more normal pheno-
type structure with various melanin polymer deposition. It appears 
that the lack of tyrosinase in the parental G-361 cells led to the 
misguided premelanosomal organellogenesis. In our previous re-
port [20], the treatment of mouse B-16 cells with lactic acid sup-
pressed the transcription of tyrosinase and decreased the number of 
melanosomes. These phenomena suggest that tyrosinase gene ex-
pressIOn correlates positively with melanosome formation and that 
high tyrosinase activity by itself can induce the formation and mat-
uratio~ of premelanosomes themselves. Although the mechanism 
~y wlucl? the formation and maturation of premelanosomes was 
111duced 111 the cells transfected with tyrosinase eDNA remains un-
clear, we are speculating about the following possibilities: preme-
lanosome formation might be induced by a signal from the in-
creas~d transcription or translation of the tyrosinase gene, or 
tyros111ase products might induce formation and maturation of pre-
melanosomes, or the structural maturation of premelanosomes 
Imght be controlled by signals induced by the translocation of tyro-
sinase within intracellular subcompartments. 
Mi.shim~ and Imokawa [1-3] reported that the glycosylation of 
tyros1l1ase IS essential for the translocation of tyrosinase to preme-
lanosomes. That is, treatment of mouse melanotic melanoma B-16 
cells with glycosy lation inhibitors (tunicamycin, glucosamine) in-
duced non-pigmentation. In such cells, the T 3 tyrosinase isozyme 
disappeared and the premelanosomes were dopa reaction negative. 
In the present study, a tyrosinase cDNA-transfected G-361 clone 
(G-CMHT-3) was pigmented, and GERL, coated vesicles, and 
pheomelanosomes in G-CMHT -3 cells all became dopa reaction 
positive. Accordingly, it was suggested that tyrosinase was glycosyl-
ated, at least enough for entry into premelanosomes, and the glyco-
sylated tyrosinase was translocated into premelanosomes properly. 
. To ana lyz.e the mixed melanogenesis (pheo- and eumelallogene-
SIS), we studied the dynamics of pheo- alld ellmelanosomes electron 
microscopically and the amounts of pheo- and ellmelanin biochem-
Table II. Tyrosinase eDNA Transfection-Induced Changes in Melanogenic Enzyme Activities and Melanin Contents' 
Tyrosinase activity 
Dopa oxidaseb (mU/mg protein) 
Tyrosine hydroxylase' (cpm/h/mg protein) 
Peroxidase activity (L'l.Abs420/min/,ug protein) 
Catalase activity (-Mbs240/30 sec/,ug protein) 
Melanin contents (,ug/ 106 cel ls) 
Eu- (PTCA) 
Pheo- (AHP) 
G-361 
0.21 
556 ± 743 
62 ± 15 
86 ± 0.0 
NO' 
0.22 
G-CMHT-3 
33.41 
162,226 ± 15,293 
57 ± 3.8 
58 ± 2.1 
1.51 
5.36 
Ihara 
3.92 
45,502 ± 16,019 
15 ± 3.7 
31 ± 6.1 
1.02 
7.37 
• The data for dopa oxid::tseactivity and melanjn contents represent means from twO assays . with a va_ciation less than 10%. and for tyrosine hydroxylase activity. pcroxidasc:activiry, 
",d catalase acti vity represent means from three assays ± SO. 
I Dopa oxidase activity of tyrosinase was analyzed by modified method of Hamada and Misltima as described in Materials alld Methods. 
' Tyros ine hydroxylase activity of tyrosinase was analyzed by Pomerantz's method as described in Materials (HId Methods. 
I NO, not detectable . 
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ically. A larger number of eumelanosomes and a smaller number of 
pheomelanosomes were detected in G-CMHT-3 cells than in 
G-361 cells. Further, in the biochemical analysis, both pheo- and 
eumelanin increased in G-CMHT-3 cells compared to in G-361 
cells. The relationship between the number of melanosomes (pheo-, 
eu-) and their melanin contents may represent pheo- and eumelanin 
contents in each types of melanosome. Tamate and Takeuchi 
[21,22] showed that MSH-treated AY fa melanocytes contained mo-
saic melanosomes consisting of both pheo- and eumelanic compo-
nents. In our study, melanosomes, in which the electron density was 
decreased but not completely lost by alkaline treatment, existed (Fig 
5, I - III) in G-CMHT-3 cells. Although these melanosomes were 
classified as pheomelanosomes, some amount of eumelanin may 
accumulate in them. 
In MSH-treated mouse melanocytes, tyrosinase activity increased 
during eumelanogenesis but was lower during pheomelanogenesis 
[23]. It was also reported that MSH induced partial or incomplete 
transformation from pheo- to eumelanogenesis in AY fa melanocytes 
[24]. In this study, eumelanogenesis was mainly upregulated by a 
high expression of tyrosinase. The reason increased tyrosinase activ-
ity induced eumelanogenesis of the host cells remains unclear. Our 
findings coincide with the report [25] that down-regulation of tyro-
si nase will resu lt in high pheomelanogenesis due to the efficient 
scavenging of dopaquinone by available glutathiones or cysteines, 
but up-regulation of tyrosinase induces steady-state concentration 
of dopaquinone resulting in rapid decrease in the glutathione level 
and corresponding higher eumelanin production. Recently, various 
melanogenesis regulatory factors, for example, catalase, peroxidase, 
y-glutamyltranspeptidase, dopachrome isomerase, dopachrome 
tautomerase, metal ions, and thiols have been found [16,26-31]. In 
this paper, we analyzed the activities of catalase and peroxidase as 
factors that play an important role in melanin-polymer formation 
[30,31]. Peroxidase activity was not changed, but catalase activity 
decreased in G-CMHT -3 cells. In addition, no distinct change of 
dopachrome tautomerase activity was also observed in G-CMHT-3 
cells. -,] 
. Therefore, up- or down-regulation of some other melanogene-
sis-relating factors in G-CMHT-3 cells may also be caused by in-
creased tyrosinase activity. Some of these factors might be down-
regulated and/or up-regulated by a signal from the increased 
transcription/translation of tyrosinase, by tyrosinase products, or by 
a signal during translocation of tyrosinase. The G-CMHT-3 cells 
will be a useful tool to study the correlation among ryrosinase ex-
pression, melanogenesis regulatory factors, and melanogenic or-
ganelles. Further investigation of the role of accentuated tyrosinase 
activity in the regulation of pheo- and eumelanogenesis is required. 
We thallk Dr. H. Karasllyama for tlte expressioll vector BCMGSNeo alld Dr. S. 
Shibahara fo r the eDNA clolle pRHOHT2. 
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